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Abstract
AIM: To explore if C-reactive protein (CRP) levels might 
serve as a prognostic factor with respect to the clinical 
course of Crohn’s disease and might be useful for 
classifi cation.

METHODS: In this retrospective cohort study we 
enrolled 94 patients from the inflammatory bowel 
disease (IBD) database of the University Medical Centre 
Utrecht. CRP levels during relapse were correlated with 
the number of relapses per year. Severity of relapses 
was based on endoscopic reports and prednisone use. 
Furthermore, patients were categorized in a low or high 
CRP group based on their CRP response during relapse 
and demographic and clinical features were compared.

RESULTS: Overall, a positive correlation between CRP 
levels, number of relapses, and severity of relapse was 
found (respectively r s = 0.31, P  < 0.01 and r s = 0.50, 
P  < 0.001). Employing a cut-off level of 15 mg/L, the index 
CRP level was found to discriminate patients with respect 
to the number of relapses per year, as well as for severity 
of relapses (respectively 0.25 ± 0.16 vs  0.36 ± 0.24, 
P  < 0.05 and 4.4 ± 1.2 vs  3.2 ± 1.1 on a 10-point visual 
analogue scale, P  < 0.001 for the high CRP and low CRP 
groups respectively). In addition, the high CRP group 
showed more cumulative days of prednisone use per 
year (107 ± 95 vs  58 ± 48, P  < 0.05), as well as a better 
response to infl iximab (93 % vs  33 %, P  = 0.06).

CONCLUSION: A higher CRP level during relapse seems 
to be associated with a more severe clinical course of 
disease.
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INTRODUCTION
Crohn’s disease (CD) is thought to result from an ongoing 
activation of  the mucosal immune system leading to an 
inappropriate innate immune response to normal luminal 
factors in a genetically susceptible individual[1,2]. The clinical 
expression of  CD is heterogeneous with a wide spectrum 
of  patterns and different clinical courses. Classifi cation of  
CD is, therefore, diffi cult[3]. In the Vienna Classifi cation, 
distinct definitions to categorize patients with CD have 
been formulated[4]. This classification distinguishes 
between age (< or > 40 years), anatomical localization 
(terminal ileum, colon, ileocolon, upper gastrointestinal) 
and disease behaviour (non-stricturing/non-penetrating, 
stricturing and penetrating). However, it has been shown 
to be unreliable in predicting the course of  the disease[5,6]. 
Currently, it is not known whether other tools, such as the 
recently developed Montreal classifi cation will prove to be 
superior in this respect[7,8].

C-reactive protein (CRP), an acute phaseprotein 
produced by hepatocytes upon activation by proinflam-
matory cytokines such as IL-6, IL-1α and tumour necrosis 
factor-alpha (TNF-α) is widely used as a parameter 
of  inflammatory activity in a variety of  infectious and 
inflammatory diseases[9-11]. Moreover, it has been found 
to correlate with clinical parameters of  disease activity in 
CD[12-18]. 

We hypothesized that a high serum CRP level during 
a relapse predisposes patients to a more severe course of  
the disease. In the present study, we studied retrospectively 
the putative association between the height of  CRP levels 
during a relapse and the clinical course of  disease in 
patients with CD.

MATERIALS AND METHODS
In this retrospective cohort study, 94 patients with CD 
were selected from the IBD database of  the University 
Medical Centre Utrecht, comprising the records of  all 
patients diagnosed with IBD in the period 1994-2005. 



CD patients were eligible if  they were 18 years of  age 
or older, had experienced at least one well-documented 
relapse during which serum CRP values were determined, 
and from whom records over a period of  at least 4 years 
of  follow-up were available. Excluded were patients 
with other chronic inflammatory diseases, concomitant 
infections or other serious comorbidity.

Data were collected from electronic and clinical 
charts. The index CRP level used for analysis had to 
be measured during a relapse which was confirmed 
by (ileo) colonoscopy and/or a small bowel follow-
through examination. The highest CRP level during this 
exacerbation, within the first 4 wk after the onset of  
symptoms, was taken as an index CRP level. Severity of  
the index exacerbation was assessed retrospectively by two 
independent, blinded reviewers based on the endoscopic 
reports and recorded on a 10-point visual analogue scale 
(VAS). The mean of  both scores was used for analysis.

The total number of  relapses during follow up 
was assessed. These relapses were defined as a period 
of  inflammatory activity accompanied by progressive 
symptomatolog y which was conf i r med by ( i l eo) 
colonoscopy and/or a small bowel follow-through examin-
ation and requiring hospitalization and/or initiation of  
treatment with steroids or other immunosuppressive drugs. 
Another primary endpoint was the use of  prednisone, 
measured in number of  days during follow up.

Furthermore, age at the time of  the diagnosis of  CD, 
duration of  the disease, localization and behaviour of  CD 
according to the Vienna Classification, the presence of  
granulomas in pathology specimens, smoking behaviour, 
surgical treatment and treatment with immunosuppressives 
other than prednisone (azathioprine, mesalazine, 
methotrexate, budesonide, cortisone enema’s or infl iximab) 
were noted.

Statistical analysis
Analysis was performed using SPSS for Windows, version 
12.0. The correlation between the index CRP value and 
the primary outcome measures were calculated employing 
a bivariate correlation with a non-parametric distribution 
(Spearman’s rho). Differences in the primary, as well as 
the secondary outcomes of  the Low C-reactive protein 
subgroup (LCRP) and High C-reactive protein subgroup 
(HCRP) groups were calculated with the Mann Whitney 
U test to compare means (non-parametric distribution) 
and the chi-square test to compare the differences in 
distribution (non-parametric distribution).

All tests were 2-tailed analysed. Data are presented in 
mean ± SD or otherwise stated. A P-value of  < 0.05 was 
considered statistically signifi cant. 

RESULTS
Correlation variables
For the whole group, a significant positive correlation 
between the index CRP level and the number of  relapses 
per year was noted (rs = 0.31, P < 0.01, Figure 1). Severity 
of  relapses was correlated with the index CRP level as 
well (rs = 0.50, P < 0.001). The severity was based on 
the mean score of  both independent reviewers with an 

interobserver correlation of  rs = 0.71, P < 0.001. The 
correlation between the index CRP level and cumulative 
use of  prednisone per year was small but significant, 
rs = 0.22, P < 0.05.

Comparison of subgroups
Based on the index CRP levels two groups were created, 
the LCRP and HCRP group, with a cut-off  level of  15 mg/L. 
Twenty-seven patients had a serum CRP level of  ≤ 
15 mg/L and 67 had a CRP level of  > 15 mg/L. Baseline 
characteristics of  the subgroups are given in Table 1. The 
baseline characteristics of  the groups were similar. There 
were no differences between the two groups regarding 
gender distribution, mean age, age at the time of  diagnosis, 
disease localization and disease behaviour according to the 
Vienna classifi cation.

Table 2 shows the clinical fi ndings, drug use, surgeries 
and related factors in the two groups. The numbers of  
relapses were respectively 0.25 ± 0.16 and 0.36 ± 0.24 per 
year in the LCRP and HCRP group (P < 0.05). The mean 
severity of  the index exacerbation on a 10-point VAS was 
4.4 ± 1.2 in the HCRP and 3.2 ± 1.1 in the LCRP group 
(P < 0.001). The number of  courses of  prednisone did 
not differ between the groups, but patients in the HCRP 
group were treated signifi cantly longer with prednisone than 
LCRP-patients, 107 ± 95 vs 58 ± 48 d per year (P < 0.05).

There was no signifi cant difference in the number of  
patients on infl iximab in both groups, 20.9 % in the HCRP 
and 11.1% in the LCRP group, but the response rate was 
higher in the HCRP subgroup compared to the LCRP 
subgroup, respectively 92.8% vs 33.3%, P = 0.06.

In the follow-up of  patients in the HCRP and LCRP 
groups, the percentages of  azathioprine (77.6 vs 66.7), 
mesalazine (98.5 vs 100), budesonide (71.6 vs 63.0), 
cortisone enema’s (43.3 vs 44.4) and methotrexate (4.5 vs 3.7) 
use did not differ signifi cantly, nor did the total number 
of  CD-related surgeries [1.7 (SD 0.1) vs 2.0 (SD 0.6) per 
patient], construction of  stomas (22.4 % vs 22.2 %) or 
development of  fi stulas and/or abscesses (26.9 % vs 18.5%).

There were no significant differences between 
smokers and non-smokers. Patients with granulomas 
were significantly younger (38.4 ± 8.5 vs 45.4 ± 13.3 
years, P < 0.05) and tended to be younger at the time 
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Figure 1  Correlation between the index CRP and the mean number of relapses 
per year. Spermann's rho = 0.31, P < 0.01.
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of  diagnosis (24.2 ± 5.9 vs 29.7 ± 12.1 years, P = 0.09) 
compared with patients without granulomas. Other 
differences were not detected.

DISCUSSION
We hypothesized that the CRP response during a relapse 
of  CD discriminates between phenotypic subsets of  
patients with an aggressive or more benign course of  
disease and predicts the response to drugs. We found a 
signifi cant but relatively modest correlation between level 
of  CRP during the index exacerbation and the number, as 
well as the severity of  relapses per year. A signifi cant, but 
rather small, correlation between CRP level and prednisone 
use was revealed. LCRP and HCRP groups were found 
to be comparable regarding baseline characteristics but 
the number and severity of  relapses was significantly 
higher in HCRP patients. Furthermore, patients in the 
HCRP group appeared to respond better to infliximab 
infusions. The latter phenomenon is in line with literature. 
This apparently more aggressive disease behaviour in the 
HCRP patients was not refl ected in a higher frequency of  
drug use other than prednisone. A possible explanation 
is the tertiary referral setting of  this study, resulting in 
enrolment of  relative severe cases of  CD in most of  
whom immunomodulators were already prescribed. 

Interestingly, we found the index CRP and severity 
of  relapse based on endoscopic reports to be correlated. 
CRP levels are found to be weakly associated with clinical 
activity indices by several authors[14,19-21], although this has 
not been reported consistently[22]. Colombel et al reported a 
striking correlation of  CRP levels with radiologic fi ndings 
of  perienteric inflammation[12]. Whether involvement of  

mesenteric adipocytes in the immune response results in 
an increased CRP level and, in the long run, the course of  
disease, is a matter of  speculation. We could not confi rm 
the data from Floren et al, who reported an exclusive ileal 
disease distribution in a group of  CD patients with a 
CRP level below the level of  10 mg/L. In this study the 
LCRP group had a signifi cant lower body mass index as 
well, while no differences were found in the frequency 
and distribution of  CARD15 variants[23]. The association 
of  colonic disease phenotype, cigarette smoking or the 
presence of  granulomas with relapses as reported in other 
studies was not reproduced in the current study either[24-30].

Our study has its limitations. The severity of  index 
relapses was scored retrospectively and the presence 
of  relapses during the follow-up period was assumed 
if  certain criteria were met in the charts. We tried to 
overcome these limitations by using blinded assessment 
of  the index colonoscopies by two gastroenterologists 
and by defi ning strict criteria for relapse in the follow-up 
phase. The number of  courses of  prednisone had to be 
scored retrospectively as well, which only gives a global 
impression. In addition, we had to choose a cut-off  level 
of  CRP to create two groups. In literature, there is only 
one comparable study[23] in which 10 mg/L was used as 
the cut-off  level. We found that a CRP level of  15 mg/L 
discriminated the two groups optimally.

In conclusion, this study showed that the level of  CRP 

Table 2  Subgroups with an index serum C-reactive protein 
(CRP) level of ≤ 15 and > 15 mg/L, comparison of clinical 
fi ndings, drug use, surgeries and related factors

Index serum CRP level
during relapse (mg/L)

   ≤ 15     > 15 P-value

   LCRP       HCRP
Clinical fi ndings
   Mean number of 
   relapses per year (SD)

  0.25 (0.16)     0.36 (0.24) < 0.05

   Mean severity of the index 
   relapse according to endoscopic 
   reports, on a 10 points visual 
   analogue scale (SD)

  3.18 (1.09)     4.39 (1.24) < 0.001

Drug use
   Number of patients 
   with prednisone use

     23 (85.2%)        62 (92.5%) NS

   Mean number of days of  
   prednisone use per year (SD)1

     58 (48)      107 (95) < 0.05

Surgeries
   Number of patients who
   underwent ≥ 1 surgeries

     12 (44.4%)        27 (37.3) NS

   Total number of surgeries2,3     2.0 (0.6)       1.7 (0.09) NS 
Related factors
   Smoking: n      23        58
   smokers        8 (34.8%)        24 (41.4%) NS
   non-smokers      11 (47.8%)        24 (41.4%)
   quitted smokers        4 (17.4%)        10 (17.2%)
   Presence of granulomas: n      22        51

       8 (36.4%)        25 (49.0%) NS

1Number of days are based on the mean number of months per year; 
2Calculated mean is based on these patients who underwent surgery; 3Total 
of ileocecalresection, partial ileum resection, partial colon resection, (sub) 
total colectomy and proctectomy. HCRP: High CRP response; LCRP: Low 
CRP response; NS: No signifi cance; SD: Standard deviation. Data are given in 
number and percentage, unless shown otherwise.

Table 1  Baseline characteristics of patients with an index serum 
C-reactive protein (CRP) level  ≤ 15 and > 15 mg/L

Index serum CRP level 
during relapse (mg/L)

≤ 15 > 15 P-value

LCRP HCRP
n 27 67
Time of follow-up, yr (SD) 10.8 (4.0) 10.3 (3.7) NS
Demographic factors 
   Sex: men 12 (44.4%) 32 (47.7%) NS
   Mean age, yr (SD) 45 (13.5) 42 (11.0) NS
Clinical features 
   Age at time of diagnosis (SD) 27.0 (8.3) 27.4 (10.8) NS
   Duration of disease, yr (SD) 18.0 (10.2) 14.3 (7.3) NS
   Localization
      Terminal ileum   6 (22.2%)   8 (11.9%) NS
      Colon   7 ( 25.9%) 31 (46.2%)
      Ileocolon 13 (48.1%) 26 (38.8%)
      Upper gastrointestinal   1 (3.7%)   2 (3.0%)
   Behaviour
      Non-stricturing non penetrating 13 (48.1%) 26 (38.8%) NS
      Stricturing   7 (25.9%) 15 (22.4%)
      Penetrating   7 (25.9%) 26 (38.8%)

Data are given in numbers and percentages, unless shown otherwise. 
Significance between the two groups is calculated. Localization and 
behaviour according to the Vienna Classifi cation of Crohn's disease. HCRP: 
High CRP response; LCRP: Low CRP response; NS: No significance; SD: 
Standard deviation.
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during a relapse of  CD can serve as a prognostic factor 
for the number and severity of  relapses. Patients with a 
CRP level > 15 mg/L experienced more and more severe 
relapses, were treated more extensively with prednisone 
and responded better to infl iximab therapy. However, we 
consider these differences too small to be of  use in clinical 
decision making. 

 COMMENTS
Background
Crohn’s disease (CD) may affect any part of the gastrointestinal tract and is 
characterized by a broad spectrum of clinical presentations and a variable disease 
course. Disease fl ares occur randomly and cannot be predicted reliably. The aim 
of the present study was to explore the value of C-reactive protein (CRP) as a 
prognostic factor with respect to the clinical course of CD.   

Research frontiers
Early identification of CD patients with a propensity to an aggressive or more 
benign disease course could be of major clinical importance; this might guide the 
clinician in deciding what maintenance therapy should be prescribed and could 
even result in early initiation of aggressive induction therapy to avoid flares or 
complications. To date, a simple parameter, reliably predicting disease activity and 
fl ares is not available. From all laboratory markers, CRP seems to be the most 
promising candidate in this respect. Not all patients with confi rmed disease activity, 
however, display raised CRP levels. We hypothesized that this group constitutes a 
distinct, benign phenotype, possibly requiring less intensive treatment.

Innovations and breakthroughs
A high CRP level during relapse is positively correlated with the severity and 
frequency of relapses. Furthermore, this was found to be associated with longer 
courses of steroids and a better response following infl iximab administration. 

Applications 
These findings suggest that phenotypes can be identified using a biochemical 
parameter such as CRP, which predicts to a certain extent the course of disease 
and response to drugs. The differences found in this study, however, are too small 
to guide clinical decision making and the use of CRP in this setting should be seen 
as an additive tool.

Terminology
High CRP and low CRP responders are patients that respectively react with a high 
CRP level and a low CRP level during a relapse of Crohn’s Disease.

Peer review
This is an important contribution to the literature of infl ammatory bowel disease. 
The study is well conceived and the report is well written.
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